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Abstract A morphometric analysis of Sarabanga water-
shed in Salem district has been chosen for the present
study. Geospatial tools, such as remote sensing and GIS,
are utilized for the extraction of river basin and its drainage
networks. The Shuttle Radar Topographic Mission (SRTM-
30 m resolution) data have been used for morphometric
analysis and evaluating various morphometric parameters.
The morphometric parameters of Sarabanga watershed
have been analyzed and evaluated by pioneer methods,
such as Horton and Strahler. The dendritic type of drainage
pattern is draining the Sarabanga watershed, which indi-
cates that lithology and gentle slope category is controlling
the study area. The Sarabanga watershed is covered an area
of 1208 km®. The slope of the watershed is various from 10
to 40% and which is controlled by lithology of the water-
shed. The bifurcation ratio ranges from 3 to 4.66 indicating
the influence of geological structure and suffered more
structural disturbances. The form factor indicates elongated
shape of the study area. The total stream length and area of
watershed indicate that mean annual rainfall runoff is rel-
atively moderate. The basin relief expressed that watershed
has relatively high denudation rates. The drainage density
of the watershed is low indicating that infiltration is more
dominant. The ruggedness number shows the peak dis-
charges that are likely to be relatively higher. The present
study is very useful to plan the watershed management.
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Introduction

Morphometric analysis is defined as the capacity and
mathematical analysis of the shape of the Earth’s surface
and dimension of its landforms (Pande and Moharir 2015;
Kumar et al. 2015). Indian continental drainage and mor-
phometric features of many river basins and watershed
have been studied by conservative methods. Morphometric
research is a quantitative technique for analyzing the land
surface features. The detailed study of watershed supports
and its proper management, allowing the individualization
of its characteristics and evolving the best practices for the
conservation of the assets that are within its territory
(Banerjee et al. 2015; Vieceli et al. 2015). Water man-
agement studies are important for protecting the limited
water resources, because at most of the places, surface
water resources are rare, and at some places, it is totally
absent (Sreedevi et al. 2009). Watershed management
requires physiographic information, such as watershed
slope, configuration of channel network, location of drai-
nage divide, channel length, and geomorphologic parame-
ters viz. relative relief, shape factor, circulatory ratio,
bifurcation ratio, and drainage density for watershed pri-
oritization and implementation of soil and water conser-
vation measures (Sreedevi et al. 2013). The present
scenario, researchers are used automatic terrain analyses
based on an SRTM-DEM for geomorphological research.
A more number of current studies are highlighting the
importance of SRTM- DEM resolution on terrain, land-
scape, and soil analysis (Ehsani et al. 2010). The geo-
graphical information system (GIS) is helpful to use
SRTM-DEM for extracting watershed and its drainage
network by automatic methods. These types of techniques
are an accurate with both quality and quantitative benefits
for evaluating morphometric analysis. According to (Rawat
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and Mishra 2016), geospatial technology, such as remote
sensing, and GIS have proved to be efficient tools and
extensively used in micro watershed related studies, and
particularly, GIS techniques offer a powerful tool for
analysis, management, and extraction of spatial informa-
tion for better understanding. The present study has
focused on Sarabanga watershed of Salem district with an
aim to understand the watershed characteristics. The
characteristics were demarcated using three types of mor-
phological analysis, such as linear, aerial, and relief
aspects. An attempt has been made in this present study to
analyze the different morphometric parameters using
SRTM-DEM data and GIS techniques.

Study area

The Sarabanga River is an important tributary of the river
Cauvery. The total geographical area of the watershed is
1208 km?. The study area geographically located between
11°28'N and 11°60'N latitudes, 77°45'E and 78°15’E lon-
gitudes. The elevation ranges various from 166 to 1635 m,
and the study area is situated in western part of Salem
district in Tamil Nadu, India. The climate of the watershed
is tropical particularly, the hot climate starts from March to
May and cools down from June to December. The study
area is geologically comprised by fissile hornblende biotite

geomorphologically covered by pediment pediplain com-
plex. The Sarabanga watershed has good groundwater
potential zone (Arulbalaji and Gurugnanam 2016b). The
location map of the study is given in Fig. 1.

Materials and methods

The morphometric analysis of the Sarabanga watershed has
been prepared based on published Survey of India
(1:50,000) toposheets and SRTM- DEM data. SRTM-
DEM (30 m spatial resolution) data were collected from
USGS website. The SRTM has created an unparalleled data
set of global elevations that is freely available for mod-
elling and environmental applications (Sreedevi et al.
2009). The Arc GIS 10.2 software was used for achieving
the automated extraction of watershed and drainage net-
work. The watershed tool in hydrology toolbox of the Arc
GIS 10.2 software has been used to delineate the boundary
of the Sarabanga watershed. The delineated drainage net-
works were verified with Survey of India (1: 50,000)
toposheets. The drainage orders have been calculated based
on Strahler and Horton methods of stream orders. The
morphometric parameters have been calculated using
extracted drainage network. The calculated parameters of
Sarabanga watershed are given in three major heads, such
as linear, aerial, and relief aspects. These three different

gneiss  (Arulbalaji and Gurugnanam 2016a) and  aspects of morphometric characteristics were calculated by
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Fig. 1 Location map showing elevation range of the study area
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Table 1 Adopted methodology for computing morphometric parameters

S.  Parameters
no

Symbol Formula

References

1. Linear aspects

1.1 Basin length Ly L, = 1.312 x A% Sreedevi et al.
(2005)

1.2 Basin perimeter P P = outer boundary of drainage basin measured in kilometers Sreedevi et al.
(2005)

1.3 Stream order U Hierarchical rank Strahler (1964)

1.4 Stream length L, Length of the stream in each order Horton (1945)

1.5 Mean stream length Ly,
segments of order ‘u’

Ly = L,/N,, where L, = total stream length of order ‘u’, N, = total no. of stream

Strahler (1964)

1.6  Stream number N, No. of streams in each order Sreedevi et al.
(2013)
1.7 Stream length ratio R, R, =L,/L, ,, where L, = the total stream length of the order ‘u’ L, ; = total stream Horton (1945)

length of its next lower order
1.8 Bifurcation ratio Ry

Ry, = N,/N, 1, N, = total no. stream segments of order ‘u’, N, ; ; = number of

Schumn (1956)

segments of the next higher order

1.9 Mean bifurcation Rym
ratio (Rym)

2. Areal aspects

2.1 Drainage density Dy
2.2 Drainage texture R,
2.3 Stream frequency F,

2.4 Elongation ratio R.
2.5 Circulatory ratio R,

perimeter (km)
2.6 Form factor R;¢

2.7 Infiltration number [
3. Relief aspects

3.1 Basin relief By
3.2 Relief ratio (Ryp)
3.3 Ruggedness number (R,)

Average of bifurcation ratios of all orders

R, = N,/P, where N, = total no. of streams of all orders, P = perimeter (km)
F, = N,JA, where N, = total no. of streams of all orders, A = area of the basin (km?) Horton (1945)
R. = 2/L;, x (A/m)%5 where A = area of the basin, L, = basin length (km)

R.=4 x 1 x A/PZ, where m = 3.14, A = area of the basin, P’ = square of the

Ry = A/L}, where A = area of the basin (km?), L2 = square of basin length

Iy = Dy x Fg where Dy = drainage density and F; = drainage frequency

Vertical distance between the lowest and highest points of basin
R, = By/Ly, where L, = basin length

R, = By x D4 where By, = basin relief, Dy = drainage density

Strahler (1964)

Dy = L,/A where, L, = total stream length of all orders and A = area of the basin (km?) Horton (1932)

Smith (1950)

Schumm (1956)
Strahler (1956)

Horton (1945)
Umrikar (2016)

Schumm (1956)
Schumm (1956)
Strahler (1964)

the following formula (Table 1). The slope map, aspect
map, and topographic anomalies were delineated from
SRTM-DEM data using slope, aspect, and profile tools,
respectively, in the ArcGIS 10.2 software.

Slope

Slope analysis is an essential parameter in morphometric
studies (Sreedevi et al. 2009). The slope map was pre-
pared from SRTM-DEM data using the ArcGIS 10.2
software (Fig. 2). The results of slope were delineated
into five categories with equal interval, such as <10°,
10-20°, 20-30°, 30—40°, and >40°. The below 10° of
slope were dominantly found in the study area, and 30°-
40° and above 40° categories were occurred in north-
eastern part of the study area. In general, the variations
of slope in the study area are controlled by the local
lithological settings.

Topographic anomalies

The topographic anomalies were calculated from SRTM
data using profiling methods in the ArcGIS 10.2 software.
The range of elevation in the study area differs from 166 to
1635 m. Topographic anomalies were delineated in five
different sites, such as A-B, C-D, E-F, G-H, and I-J
profile (Fig. 3). The profile maps are illustrating the shape
of the terrain in the study area.

Result and discussion

The morphometric structures of the Sarabanaga watershed
have been examined, and the results are discussed in the
following. The general drainage pattern of Sarabanga
watershed is dendritic (Fig. 4). It is characterized by
irregular branching of tributary streams in many directions
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Fig. 2 Slope map of Sarabanga T 77°50'0'E 78°0'0"E 78°100'E ~
watershed \
SLOPE N
=3 =4
2 2
o o
g g
- Legend -
Degree
@ <10
@ 10-20
=z ) 20-30 z
=3 =4
S @ 30 - 40 S
o 0 375 75 15 & >40 o
km
\ ~ 77°50'0"E 78°0'0"E 78°10'0"E //'

joining the main channel (Sreedevi et al. 2009). The mor-
phometric analysis is carried out by linear aspects, aerial
aspects, and relief aspects (Table 2).

Linear aspect

The linear aspects parameters were considered about
stream order (U), stream numbers (), stream length (L,),
mean stream length (Lg,), stream length ratio (R;), and
bifurcation ratio (Ry).

Stream order (U)

The concept of stream order has been introduced by Horton
(1932) (Pande and Moharir 2015). The stream order is the
first step in drainage basin, which is based on the hierarchic
ranking of streams and determines the stream orders. Stream
classification of a river basin is derived from stream ordering
method. Strahler (1964) method of stream classification was
carried out in this study. According to Strahler (1964)
method, two first-order streams join and form the channel
segment of order 2. Where two 2-order stream join, the
channel segment of order 3 formed, likewise stream orders
are increasing. The highest order of stream is the trunk
stream of the basin. According to Strahler (1964), the
watershed has been designated as the sixth-order basin. In
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the present study, high frequency has been observed in the
first-order streams (Table 2). Most of the first-order stream
is observed in highly elevated region of the study area,
which indicates the terrain density and compressed nature of
the basic lithology. The occurrence of large number of the
streams in the watershed indicates that the topography is still
suffering erosion and at the less number indicates developed
topography (Pande and Moharir 2015).

Stream length (L,)

The length of the streams was calculated according to
Horton law with the help of GIS tool. Stream length is the
vital hydrological character of the basin as it reveals sur-
face runoff characteristics. Usually, the total length of
stream segments is high in first-order stream and decreases
in stream order increases (Waikar and Nilawar 2014). The
total stream length of the study area is 1622 and I, II, III,
IV, V, and VI-order total stream length is 808, 377, 272,
74, 34, and 57, respectively. In general, the larger slope and
fine texture of topography have relatively smaller length of
stream. The stream of relatively longer lengths of streams
generally indicates the flatter gradient. The first-order
stream length is <50% in the study area, which means that
the first-order streams were controlled by the slope and
topography of the basins.
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Fig. 3 Topographic anomalies of Sarabanga watershed
Mean stream length (L,,)

The mean stream length is a property related to the drai-
nage networks and its associated surfaces. The mean
stream lengths were calculated using the formula of total
stream length of order divided by total number of stream
segments of order. The mean stream length is higher in less
stream order, and lesser in high stream order is due to
variations in slope and topography. The mean stream
length is 1622 km in the study area. The mean stream
length is directly related to mean annual runoff; therefore,
the highest mean stream length has relatively high mean
annual rainfall runoff and relatively low mean annual
rainfall runoff in less mean stream length. In the present
study, mean stream length is indicating the high mean
annual rainfall runoff.

Stream numbers (N,,)

The total stream segments in a given order are defined as
stream number. Stream number is directly proportional to
size of the contributing basin and to channel dimensions
(Hajam et al. 2013). According to the Horton’s laws of

stream number explained that the number of stream seg-
ments of each order form an inverse geometric sequence
with plotted against order, which means that the number of
streams usually decreases in geometric progression as the
stream order increases (Rao et al. 2010; Sreedevi et al.
2013; Pande and Moharir 2015). The higher number of
streams indicates the impermeability nature and infiltra-
tion. Using GIS application, the total number of streams of
each order was computed. The total number of streams in
Sarabanga watershed is 1110. Whereas I, II, III, IV, V, and
VI-order total stream is 857, 184, 52, 13, 3, and 1,
respectively. It reveals that the study area has relatively
greater percentage of the first-order streams (>70%) and
there is a possibility of unpredicted flood during heavy
rainfall (Chitra et al. 2011).

Stream length ratio (R;)

Stream length ratio has an important link with surface flow
and discharge and erosion stage of the basin. Stream length
ratio is defined as the ratio of the mean length of one order
to the next lower order of the stream segments. The ratio
between the streams of different orders shows the changes
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in basin, which may be the variation in slope and topog-
raphy and the stream length ratio changes from one order to
another order indicates their late youth stage of geomorphic
development (Pande and Moharir 2015). The length ratio
value ranges from 0.27 to 1.68. The higher values were
noticed in the fifth stream orders and lower values noticed
in the third stream orders.

Bifurcation ratio (Ry,)

According to Strahler 1964, the term Bifurcation ratio is
defined as the ratio of the number of streams of given order
to the number of streams in the next higher order. R, is
depending upon the physiography, slope, and climatic
conditions. Bifurcation ratio has a relationship with the
branching pattern of a drainage network. The relatively
high bifurcation ratio indicates early hydrograph peak with
a potential for flash flooding during the storm events and
the relatively lower value of mean bifurcation ratio also
proposes the geological heterogeneity, higher permeability,
and lesser structural control in the basin (Hajam et al.
2013). Strahler (1964) and Schumm (1956) has stated that
bifurcation ratio value between 3 and 5 in basins that were
geologic structures does not exercise a dominant influence
on the drainage pattern. The higher values indicate the
influence of geological structure on the drainage pattern
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and suffered more structural disturbances. The study area
bifurcation ratio ranges from 3 to 4.66, and the mean
bifurcation ratio is 3.898. Therefore, the geologic structures
do not play a vital role in the study area.

Areal aspect

The areal aspect parameters were considered about drai-
nage density, stream frequency, drainage texture, infiltra-
tion number, form factor ratio, elongation ratio, circularity
ratio, and length of overland flow. Area of a basin and
perimeter is the main parameters in quantitative
morphology.

Area (A) and perimeter (P)

Area of the basin is calculated as total area projected upon
a horizontal plane contributing to accumulate of all order
of basins. Perimeter is the length of the basin boundary
(Ahmed et al. 2010). Basin area is hydrologically
important because which is directly affects the size of the
storm hydrograph and the magnitudes of peak and mean
runoff (Rao et al. 2010). Area of the basin has a strong
relationship with mean annual runoff. The Sarabanga
watershed covers an area of 1208 km? and the perimeter
is 205 km.
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Table 2 Morphometric results of Sarabanga Watershed

S. Parameters Results

no

1. Area 1208 km?

2. Basin length 73 km

3. Perimeter 205 km

4.  Stream order 6

5. No. of streams in each I I il v Vv VI
order (V,) 857 184 52 13 3 1

6.  Total number of streams 1110
in all orders

7.  Stream length in each 808 377 272 74 34 57

order (km) (L,)

8.  Total length of streams of 1622
all orders

9. Mean stream length (Ls,,) 094 2.05 523 5.7 1133 57
10. Stream length ratio (R)) 0.47 0.72 0.27 0.46 1.68 -
11. Bifurcation ratio (R}) /il I/ 1/ v/ v/ivI 1T
v Vv
466 35 4 433 3 4.66
12. Mean bifurcation ratio 3.898
(Rbm)
13. My o1 — Myl 1635-166 = 1469
14. Drainage density 1.34

(D) (km/km?)
15. Drainage texture (R,) 5415
16. Stream frequency (Fy) 0.92
17. Elongation ratio (R.) 0.54

18. Circularity ratio(R.) 0.364

19. Form factor (Ry) 0.23

20. Infiltration number 1.2328

21. Total relief (h,) 1469 m, 1.469 km
22. Relief ratio (Ry,) 0.0201

23. Ruggedness number (R,) 1.96

Drainage density (D)

Drainage density is introduced by Horton (1932) in
American hydrologic literature which is an expression to
indicate the closeness of spacing of channels (Ahmed et al.
2010). The drainage density is calculated as the total length
of streams of all the orders as per the drainage area.
Drainage density is the one of the dominant character of
landform element which provides a numerical measure-
ment of landscape and runoff potential. Drainage density
depends upon the climate, type of rocks, relief, infiltration
capacity, vegetation cover, surface roughness, and run-off
intensity index. Low drainage density indicates the highly
resistant or permeable subsoil material, dense vegetation,
and low relief. High drainage density indicates weak or
impermeable subsurface material, sparse vegetation and
high relief. Low drainage density leads to coarse drainage

texture, and high drainage density leads to fine drainage
texture (Ahmed et al. 2010; Ramaiah et al. 2012). In
general, the low drainage density occurs on granite, gneiss,
and schist regions (Rao et al. 2010). A high drainage
density leads a highly dissected drainage basin with a rel-
atively rapid hydrological response to rainfall events, and
low density leads a poorly drained basin with a slow
hydrologic response (Hajam et al. 2013). In the present
study, drainage density is 1.34 km/km?. It is indicating low
drainage density. Therefore, the Sarabanga water shed
having high resistant or permeable subsoil, dense vegeta-
tive cover, and low relief (Ahmed et al. 2010).

Drainage texture (R,)

Drainage texture depends upon the climate, rainfall, veg-
etation, underlying lithology, infiltration capacity, and
relief aspects of the terrain (Sreedevi et al. 2013). Drainage
texture is calculated as the total number of stream segments
of all orders per perimeter of that area. Smith (1950) has
classified the drainage texture based on drainage density
into five different classes. The drainage density <2 indi-
cates very coarse, between 2 and 4 is related to coarse,
between 4 and 6 is moderate, between 6 and 8 is fine, and
greater than 8 is very fine drainage texture. The drainage
texture of the study area is 5.415. According to Smith
(1950) classification, the study area is having a very coarse
drainage texture.

Stream frequency (F,)

The stream frequency is calculated as the total number of
stream segments of all orders per unit area (Horton 1945).
The stream frequency has a positive correlation with
drainage density, the watershed indicating an increase in
stream population with respect to increase in drainage
density (Rao et al. 2010; Waikar and Nilawar 2014). In the
study area, the stream frequency value is 0.92. It is indi-
cating low frequency. Low stream frequency values are
susceptible to high erosion and sedimentation load (Sree-
devi et al. 2013).

Elongation ratio (R,)

Elongation ratio is the ratio between the diameter of the
circle of the same area as the drainage basin and the
maximum length of the basin (Schumm 1956). Usually, the
elongation ratio is associated with high relief and steep
ground slope. The R, values are close to 1 typically very
low relief, and values in 0.6-0.8 are associated with high
relief and moderate to steep ground slop (Strahler 1964).
The elongation ratio values can be grouped into three
classes, namely, circular (>0.9), oval (0.9-0.8) and less
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elongated (<0.7). In the study area, R. value is 0.54 which
means that the study area is less elongated.

Circulatory ratio (R,)

The circulatory ratio is mainly focused on the length and
frequency of streams, geological structures, land use/land
cover, climate, relief, and slope of the basin (Das et al.
2012). The circulatory ratio is the ratio of the area of the
basin to the area of a circle having the same circumference
as the perimeter of the basin (Strahler 1964). R, values
approaching 1 indicate that the shapes of the basin are like
circular (Sreedevi et al. 2013). The circulatory ratio of the
study area is 0.364.

Form factor (Ry)

According to Horton (1945), the form factor is defined as
the ratio of basin area to square of the basin length. The
form factor is indicating the flow intensity of a basin. The
high form factor experiences larger peak flows of shorter
duration, and low form factor experiences lower peak flows
of longer duration (Waikar and Nilawar 2014). The form
factor of the study area is 0.23. The less value of form
factor <0.25 indicates elongated sub-basins.

Infiltration number (1)

The infiltration number has been defined as the product of
drainage density and drainage frequency, which gives an
idea about the rate of infiltration and reveals impermeable
bedrock and high relief areas in the watershed (Umrikar
2016). The low infiltration number indicates that runoff
will be very low and the infiltration capacity very high and
so on. In the present study, infiltration number is 1.23.
Therefore, the runoff is relatively moderate.

Relief aspect

The relief aspects of the drainage basin analysis have
relationship with the study of three-dimensional features
involving area, volume, and altitude of vertical dimension
of landforms to analyze different geo-hydrological char-
acteristics (Hajam et al. 2013). The relief aspects param-
eters were considered as basin relief, relief ratio, and
ruggedness number.

Basin relief (R)

Basin relief is an essential parameter to understand the
geomorphic process and landform characteristics. The
basin relief has been calculated as vertical distance
between the lowest and highest points of the basin
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(Sreedevi et al. 2009). The influence of relief is inextrica-
bly bound up with other basin characteristics and is of
greater significance to some indices of basin response
particularly peak run-off rates and sediment delivery than
others. Basin relief is an index of the potential energy
available in the drainage basin, and of course, the greater
relief is the greater erosional forces acting on the basin. In
the present study, lower relief (166 m) and higher relief
(1635 m) are noticed. Therefore, relief of the watershed is
1469 m. It is indicating that the erosional forces and the
mean denudational rates are higher in the study area.

Relief ratio (Ry,)

The relief ratio is defined as the ratio of maximum relief to
horizontal distance along the longest dimension of the
basin parallel to the principal drainage line (Schumm
1956). The relief ratio is generally increases with
decreasing drainage area and size of the watershed in a
given basin. There is a big correlation between hydrolog-
ical characteristics and the relief ratio of the drainage basin
(Ahmed et al. 2010). The highest value of relief ratio
specifies steep slope and high relief, while the lower relief
ratio specifies the low degrees of slope. The relief ratio of
the study area is 0.02. The relief ration value is very less,
which indicates that the sediment loss per unit area is likely
to be low.

Ruggedness number

According to Strahler 1968, ruggedness number is the
product of relief of the basin and drainage density, where
both parameters are in the same unit. An extreme high
value of ruggedness number occurs when both variables are
large and slope is steep (Umrikar 2016). In the present
study, the ruggedness value is 1.96. It is indicating that
peak discharges are likely to be relatively higher.

Conclusion

The present investigation has proved that remote sensing
and geographical information system techniques are more
efficient for computation and analysis of the morphometric
parameters. There are 19 morphometric parameters that
were calculated with the help of the Arc GIS 10.2 software.
These 19 parameters help to understand the terrain char-
acteristics, such as surface runoff, infiltration capacity,
topography, lithology, and hydrological properties of the
study area. According to Strahler classification, the study
area has the sixth-order watershed and the dendritic drai-
nage pattern is observed. The results of form factor, cir-
culatory ratio, and elongation ratio stated the elongated
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shape of the watershed. The bifurcation ratio and stream
numbers of the watershed show vulnerability for unpre-
dicted flood during heavy rainfall. The value of mean
bifurcation ratio is indicating that the watershed is not
affected by structural disturbances and geological struc-
tures. The low drainage density, stream frequency, and
infiltration number indicate that the watershed is caused by
permeable subsoil and runoff is relatively moderate. The
low drainage density shows good dimensions to construct
the water harvesting structures in the streams. The high
basin relief, relief ratio, and ruggedness number reveal that
the peak discharge is likely to be relatively higher and the
sediment yield per unit area is low.

Morphometric analysis of Sarabanga watershed shares
valuable evidences and results for planning watershed
development activities of the area. The current scenario of
Salem district becoming a dry area, this investigation and
its attributes will be playing a vital role in watershed
management and development of the study area.
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